Most studies on verticality's embodiment showed that up positions were related to positive emotions whereas down positions were related to negative ones (Meier & Robinson, 2004) . Research on motion perception found that a parabolic motion both induced animation attribution (Tremoulet & Feldman, 2000) and implied negative feelings (Chafi, Schiaratura, & Rusinek, 2012; Podevin, 2009; Podevin, Chafi, Rusinek, & Békaert, 2012) . We hypothesized that seeing a parabolic downward motion will increase both the memorization for words and the execution's speed of a serial subtraction compared to a parabolic upward motion. Results showed that the downward motion had enhancing effects both on the serial subtraction and on the number of recalled words, independently of their valence. These findings are interpreted as marking processes related to an adaptive behavior in response to a negative stimulus.
Introduction
Many studies highlighted a direct link between valence and verticality. Research showed different ways of investigating verticality. Certain works focused on towards vs. away of the body motor action (Alexopoulos & Ric, 2007; Chen & Bargh, 1999; Solarz, 1960; Wentura, 2000) , others focused on vertical vs. horizontal motor action (Förster & Strack, 1996; Tom, Pettersen, Lau, Burton, & Cook, 1991; Wells & Petty, 1980) , another range of studies centered their works on upright vs. slumped-down body postures (Stepper & Strack, 1993) , and a final sub-field of verticality research concerns the up vs. down perception (Casasanto & Dijkstra, 2010; Meier & Robinson, 2004; Wapner, Werner, & Krus, 1957) . Therefore, two links are to distinguish in the relationship between verticality and emotion: the perception/emotion and the emotion/action links. These two relationships could be put one after the other on a sequential frieze, namely, the perception would be the first step towards emotion and then action. For instance, Alexopoulos and Ric (2007) investigated the effects of emotional words' presentation on the reaction times of the extension vs. flexion of an arm, which is clearly an emotion/action study. Besides, Meier and Robinson (2004) investigated the effects of the vertical position of emotional words on the speed in assessing these words, which rather refers to the perception/emotion link. To date, no study has ever focused on the perception/emotion/cognition link by investigating the effects of perceived motion's verticality on the memorization of emotional stimuli. This is exactly what authors were challenged to do in this paper, i.e., they shall investigate the upward vs. downward motion perception and their consequences on the memorization of emotional words. Hence, contrary to studies like the one of Casasanto and Dijkstra (2010) where participants had to execute a motion, the present study aims at showing the link between a seen motion and cognitive/psychomotor components linked to emotions. One could question the viability and the eminence of raising such a postulate about the verticality of a perceived motion and the experience of emotion-related cognitions and actions.
A possible explanation concerning the relations between affect and the vertical position is represented by the developmental prospect of Piaget and Inhelder (1969) . According to these authors, development is based on the early sensorimotor representations. In line with this assumption, Gibbs (1992) noted that most Psycholinguists agreed on the fact that physical metaphors are useful in the representation of abstract concepts, and in the representation of emotional concepts. It is nowadays assumed that these concepts are grounded in embodied and situated knowledge (Lakoff & Johnson, 1999) . According to this postulate, one can very easily understand why people are "consumed by love" or "down and sad" (Barsalou, 2008; Crawford, 2009; Richardson, Spivey, Barsalou, & Mc Rae, 2003) . Authors such as Borghi and Cimatti (2010) think that syntax and semantics of languages are based on physical experiences, and they argue that many theorists took this assumption as a strong background (e.g., Lakoff, 1987; Lakoff & Johnson, 1980 Langacker, 1987 Langacker, , 1991 . Lately, Bonfiglioli, Finocchiaro, Gesierich, Rositani, and Vescovi (2009) showed that "questo" ("this") and "quello" ("that") are related to distinct motor referents. Effectively, participants were faster when "this" referred to close objects whereas "that" referred to far objects. This result was recently replicated in the emotional field. For instance, Brouillet, Heurley, Martin, and Brouillet (2010 b) showed that the "YES/NO" emotional verbal response (Brouillet & Syssau, 2005) influenced reaction times of a vertical motor action (i.e., pushing vs. pulling). This underlines that the very basic "YES/NO" answer had differential effects on movement and action planning. It is assumed that emotional words, as highly efficient in triggering sensorimotor simulations (Power & Dalgleish, 2008) , will interact with the verticality of perceived motion. Therefore, it was needed to specify what type of motion should be used in the present experiment. It is nowadays clear that motion patterns do not all possess the same emotional potential (Chafi, Schiaratura, & Rusinek, 2012; Podevin, 2009; Podevin, Chafi, Rusinek, & Békaert, 2012; Rimé, Boulanger, Laubin, Richir, & Stroobants, 1985; Tagiuri, 1960; Visch & Tan, 2009 ). According to Podevin et al. (2012) , visually perceiving a parabolic motion (see Figure  1 ) has incidental emotional consequences, particularly concerning emotional attribution which is negative.
In Tremoulet and Feldman (2000) , participants were asked to determine whether a simple object (i.e., a cylinder or a circle) was a living particle or an inanimate object which parasites the so-called microscope image. Results show that participants attributed animation to the object when speed and direction changed simultaneously, giving rise to a parabolic trajectory of motion. These findings show that the parabolic motion has a particular status as it is able to draw a perception of animation out of a totally inanimate object. In line with previous findings, Podevin (2009) showed that the perception of such a pattern of motion not only induce animation attribution, but directly impacts the cognitive and emotional systems. Effectively, Podevin et al. (2012) showed that the parabolic motion executed by a black disk on a white background improved memory for positive words compared to other patterns of motion in an adults' sample. In a children's sample (age ranged from 9 to 12 years old), Podevin (2009) demonstrated that no smile was added to the disk when participants watched the parabolic motion contrary to the drawing of a smile when other patterns of motion were seen. Podevin et al. (2012) also showed that the parabolic motion was interpreted as negative by adults. Chafi et al. (2012) did hypothesize that this motion could be processed by the human visual system as a signal preparing the individual for a would-be negative emotional dynamics, which could explain the search for positive information in the environment (Rothermund, Voss, & Wentura, 2008 ). This latter gives a possible interpretation for the findings concerning the better recall of positive words in the study of Podevin et al. (2012) . The origin of such a signal could come from the pre-wiring of certain brain networks such as Seligman (1971) proposed in his preparedness theory. Furthermore, the activation linked to such a signal should be measurable via behavioral and cognitive tasks as it enters as an input to influence the output of the organism.
Because in the present study, the parabolic motion will not be compared to other forms of motion but the only difference between the two presentations are "direction of motion", authors will not expect the same results as in the research of Podevin et al. (2012) . Namely, the present study aims to show that different vertical directions (i.e., upward vs. downward) of the parabolic motion will have different effects on the processing of emotional words (i.e., positive vs. negative vs. neutral) and speed of serial subtraction (i.e., before vs. after seeing motion). Thus, the first hypothesis is that the downward motion will increase the overall number of recalled words compared to the upward motion. Because the upward motion is processed more positively than the downward motion (see Casasanto & Dijkstra, 2010) , the difference between both motion should not be observable in terms of valenced words as in the study of Podevin et al. (2012) but rather in terms of general performance. Hence, it is also postulated that the downward motion shall increase the speed of backward counting compared to the upward motion.
Method Participants
Three hundred and thirteen undergraduate students (272 women, forty-one men, Mage = 21.58; SD = 3.87) in Psychology at the University of Lille -North of France UDL3 took part in the present study. They were divided into three groups depicting "Motion condition" as following: 105 saw the upward motion, 107 saw the downward motion and 101 saw no motion. Concerning their recruitment, a hundred and forty-seven participants passed the experiment as a required assignment in their University course. The other hundred and sixty-six participants were randomly recruited in the buildings of the University. The only inclusion criterion was to have a normal or correctedto-normal vision. All the participants gave their written consent.
Stimuli
The parabolic motion pattern was taken from studies in elementary motion's perception which ensured that it was strongly related to negative feelings (see Chafi et al., 2012) . Its speed was 3.2 cm/s in both the upward and downward conditions. The downward pattern displayed an ascending trajectory with an angle of 42° followed by a descending trajectory with the same angle, i.e., 42°. Concerning the upward motion, it drew exactly the same characteristics as the downward one, except that it showed the inverted directions (i.e., descending and ascending). The 24 words (i.e., 8 positive, 8 negative and 8 neutral) used in the present experiment were validated by Leleu (1987) and utilized in the studies of Podevin et al. (2012) . These authors ensured that words were matched for words' length, frequency of usage and strength of emotion (e.g., Liberté
[positive], Injustice [negative] and Fruit [neutral] ). The presentation's order of words was of course counterbalanced so that different words' lists were displayed to different individuals.
Measures
Measurements were the same as in Podevin et al. (2012) , namely, two serial subtractions and a recall of words were made on a 4-pages brochure. The first page consisted in a general instruction. The second page (1st serial subtraction) contained an empty table in which participants had to count backwards. The third page (2nd serial subtraction) also contained an empty table provided for participants' backward counting. For both serial subtractions, participants were asked to count backwards from left-to-right. The fourth page (recall of words) consisted in an empty page with the following instruction: "Try to recall by express as many words as possible, you have 2 minutes". The 2-minutes period was measured via a stopwatch included in the used software.
Procedure
Each participant sat in front of a seventeen inches computer screen on which the serial subtractions' starting numbers, motion, and emotional words appeared. The distance between the computer screen and the participant's head was approximately 50 cm. On the first instruction's screen, participants were told that before the experiment itself, they had to count backwards by threes and by express as fast as possible during one minute and starting from the number that was to appear. After that first serial subtraction, another instruction's screen warned the participants that words would appear and that their only task was to watch and memorize them. This learning phase consisted in repeatedly watching a parabolic motion (i.e., downward, upward or no motion) in which the black disk simply moved in the direction of the arrow in Figure  1 and was followed by an emotional word (i.e., positive, negative or neutral). Each motion lasted 5 sec. and each word appeared at the very center of the screen during 500 msec. In the no-motion condition, participants only saw a white screen for 5 sec between each word. After the learning phase, another instruction's screen warned participants that they had to perform a second serial subtraction during one minute. Finally, the test phase lasted two minutes during which participants had to recall every word they saw in the learning phase.
Analyses
For the hypothesis on the serial subtraction, a 2 (Serial subtraction's moment) × 3 (Motion Condition) analysis of variance ANOVA using a within-subjects design for the first factor was performed. Concerning the emotional words' hypothesis testing, a 3 (Motion Condition) × 3 (Words' Valence) ANOVA using a within-subjects design for the second factor was carried out.
Results
The first ANOVA revealed a main effect of Motion Condition, F(2, 310) = 3.97; p<.02, which showed that the downward motion increased the number of digits (M=21.06; SD=6.69) compared to the no-motion condition (M=18.81; SD=5.68), p<.03 using Scheffé tests, Cohen's d = 0.37. However, no differences in the number of digits were found between the downward and the upward motion (M=19.82; SD=5.96), p=.30.
Concerning the Serial subtraction's moment, another main effect was found, F(1, 310) = 18.04; p<.0001. The first serial subtraction (M=19.43; SD=5.93) was slower than the second one (M=20.41; SD=6.29), p<.0001 with Scheffé tests, Cohen's d = 0.16. Thus, independently of the Motion Condition, the main effect of the serial subtraction underlined a would-be learning effect from repeating the task as the second subtraction task was always faster than the first one. The Serial subtraction's moment × Motion Condition interaction was far from being significant, F(2, 310) = .66; p=.52. At that point, what comes out from our results is that: (i) there seems to be a learning effect between the two serial subtractions, (ii) it is likely that the downward motion played a part in the improvement of the 2nd task's speed. Henceforth, it was necessary to inspect the effects of Motion Condition on the Valence of recalled words. This analysis revealed a main effect of Motion Condition, F(2, 310) = 3.47; p<.04. Fisher's LSD tests showed that the downward motion (M=4.25; SD=1.50) increased the overall number of recalled words both compared to the upward motion (M=3.99; SD=1.41), p<.05, Cohen's d = 0.18, and to the no-motion condition (M=3.92; SD=1.47), p<.02, Cohen's d = 0.22. Noteworthy, Scheffé tests only emphasized the difference between the downward and control conditions, p<.05. These findings again emphasize the particular status of the parabolic downward motion as it improved the memorization of words compared to the upward and nomotion conditions, independently of words' valence.
Analyses also revealed a main effect of Words' Valence, F(2, 310) = 20.31; p<.0001. Scheffé tests showed that positive words (M=4.32; SD=1.47) were more recalled than neutral words (M=3.67; SD=1.52), p<.0001, Cohen's d = 0.43, but not differently recalled than negative words (M=4.19; SD=1.52), p=.47. In fact, neutral words were less recalled than both positive and negative words, p<.0001 using Scheffé tests. Hence, one can say that emotional words, whether they were positive or negative, were processed in another manner than neutral words were. The Motion Condition × Words' Valence interaction was not significant, F(4, 620) = .41; p=.79.
Discussion
We hypothesized that a parabolic downward motion would have incidences on both the memorization of valenced words and serial subtractions. Results partly confirm our postulates. Effectively, the effect sizes were very small, a finding which weakens present data. However, (i) the downward motion increased the overall number of recalled words compared to the no-motion and upward conditions, and (ii) the downward motion enhanced serial subtractions compared to the no-motion condition. No interaction was found significant, which is also a result that is consistent to our hypotheses. Nevertheless, present findings somehow contradict previous data (Podevin et al., 2012) . Indeed, Podevin et al. (2012) showed that the downward motion significantly increased the number of recalled positive words and did not have any effect on serial subtractions when compared to a wave-like and a translational motion. Present study's results do not show any link between the positivity of words and the downward motion. Furthermore, the literatures on elementary motion's perception Podevin, 2009 ) and on Embodiment (Casasanto & Dijkstra, 2010; Meier & Robinson, 2004) both link a downward motion (or position) to negative emotions and negative emotional processes. According to the same literatures, an upward motion is strongly related to positive emotional processes.
For Natale and Hantas (1982) and Higgins, Bond, Klein, and Strauman (1986) , the acceleration in the serial subtraction should be taken as marking an experienced positive mood. Yet, the downward motion was expected to be processed as a negative stimulus Podevin, 2009) , and hence, it logically should have triggered a negative mood and bad performances compared to the upward motion. The results concerning the overall number of recalled words also emphasized the unexpected "positive effects" of being exposed to that motion. Effectively, Lee and Sternthal (1999) showed that a positive mood enhanced the learning of brand names compared to a neutral mood. De facto, the parabolic downward motion slightly enhanced performances both at the serial subtraction and the memorization of words, and this improvement could be related to a would-be positive mood experienced by participants. Another alternative explanation could be that observing such a "forceful" movement as the downward one could accelerate mental processes. It is clear that present results do not contradict such theoretical postulates as the parabolic downward motion effectively enhanced performances, whether they were cognitive (i.e., memorizing words) or psycho-motor (i.e., quickly counting backwards). Present findings could also easily tie up with the concept of preparedness which was defended in the Neurological (Öhman & Mineka, 2001; Seligman, 1971) , Social (Frijda, 2007) and Cognitive (Rothermund et al., 2008; Wentura, Voss & Rothermund, 2009) perspectives. For instance, Rothermund et al. (2008) assumed that emotional processing could be governed by a counter-regulation mechanism which prevents from emotional escalation and helps sustaining the motivational strain so as to strive for positive outcomes while avoiding failures. Wentura et al. (2009) also showed that this mechanism automatically allocates attention towards information that is inconsistent with an individual's current affective-motivational state. On this base, it is possible to explain the "positive effects" from the exposure to the parabolic downward motion. Whereas it was assessed as negative Podevin, 2009; Podevin et al., 2012) , it enhanced the overall number of recalled words and serial subtractions. These effects could be due to the counter-regulation mechanism, namely, the vision of a negative stimulus (i.e., the parabolic downward motion) could have implied the allocation of attention towards positive stimuli, whether they were extraneous (i.e., positive words) or internal (i.e., experienced positive feelings). An alternative explanation could be that participants drew their attention towards the beginning of the motion, namely, the ascending path. Such an interpretation would fit with most research on Embodiment as they link an upward motion with positive dynamics and not a downward one. For instance, Casasanto and Dijkstra (2010) showed that executing a downward movement with the arm involved more negative memories recalled. If present results were due to an embodiment of verticality, regular embodiment's findings should have been found. Instead, current findings link the parabolic downward motion with cognitive positive-like processes. This discrepancy could be due to the fact that motion was not performed but perceived in the present study, therefore giving rise to substantial differences in data with regular Embodiment research outcomes. The biggest limitation of the study remains the weak statistical results obtained, notably concerning effect sizes. We postulate that they are due to the nature of measurements as objective methods could help obtaining clearer findings.
Further research should investigate the experienced feelings during the exposure to the elementary motion in a more objective manner (e.g., Brain imagery) coupled with the subjective way (e.g., Subjective selfreports) so as to determine the exact effects of such a pattern of motion in comparison with other trajectories (e.g., wave-like, translational, right-to-left direction, etc.). Effectively, while mnesic and psychomotor tasks did not give rise to very conclusive outcomes, it is believed that Neurophysiology and Embodiment's paradigms could help in answering questions about elementary motion and their impact on cognitive-emotional processing.
